Regulation of porcine granulosa cell steroidogenic acute regulatory protein (StAR) by insulin-like growth factor I: synergism with follicle-stimulating hormone or protein kinase A agonist.
The transfer of cholesterol from the outer to the inner mitochondrial membrane, where side-chain cleavage occurs to form pregnenolone, is a crucial event in the regulation of steroidogenesis and recently has been demonstrated to be mediated by steroidogenic acute regulatory protein (StAR). We generated a partial porcine StAR complementary DNA (280 bp) by RT-PCR and used the corresponding antisense riboprobe to quantify the control of StAR gene expression by FSH and insulin-like growth factor I (IGF-I) in hormonally responsive swine granulosa cells, which typically manifest synergistic steroidogenic stimulation by these two dominant intrafollicular regulators. RNase protection assays were implemented to investigate the time course of the actions of FSH (100 ng/ml), IGF-I (100 ng/ml), and FSH plus IGF-I on StAR messenger RNA accumulation in serum-free cultures granulosa cells. Treatment with FSH (1.6-fold) or IGF-I (2.7-fold) alone had a small but consistent stimulatory effect on StAR message accumulation (corrected for 18S ribosomal RNA in each lane) at 48 h, whereas only IGF-I stimulated StAR protein expression (at least 6-fold as assessed by Western blot). Notably, the combined effect of FSH plus IGF-I was strongly synergistic and already significant by 24 h and maximal at 48 h (P < 0.001). Protein kinase A agonist, 8-bromoadenosine 3',5'-cAMP (8-bromo-cAMP) (1 mM) alone elicited a 3.5-fold increase in StAR message and more than 3.7-fold increase in StAR protein expression by 48 h. The combination of IGF-I and FSH or 8-bromo-cAMP evoked a 26- to 40-fold (P < 0.001) synergistic rise in StAR message accumulation. StAR protein also showed a similar synergistic pattern of expression driven by IGF-I and FSH or 8-bromo-cAMP, namely a greater than 56- to 60-fold increase. In summary, two distinct first messenger regulatory molecules, FSH and IGF-I, interact synergistically to induce amplification of StAR messenger RNA and protein expression in serum-free monolayer cultures of immature (swine) granulosa cells.